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Part I. Cross-Sectional Approach:
Since 1970, the Japanese government has spent roughly US $ 60
1
billion on rice acreage conversion/curtailment programs, $ 2.0± billion
each year, in vain (MAFF, various issues). Ill retrospect, per Capita
rice consumption peaked in 1965 and has been consistently declining.
Policy makers backed by the farm interests have never been certain if
this declining tendency would continue as the economy keeps growlng.
They on many occasions hoped that per capita consumption had hit the
bottom line.
Here is an estilllate Of income elastlClty Of the demand for rice
by the government agency, the Bureau of Statistics, using nationwide
expenditure surveys of 8,000 households (Table 1). Even in the recent
years of 2000 alld 2003, rice income elasticity is estimated at a positive
0.2-0.3. This clearly shows that higher income households spend slightly
more than lower income households, implying that Japanese consumers
will spend more for rice as their income increases.
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Table 1. Estimates of elasticity of expenditure on selected food groups
with respect to living expenditure (≒income) , 2000 and 2003,












Fresh fruit 紊B緜0.314.44     
Eating-out B經"1.3116.64     
AlcoholicbeVerage 3b紊0.568.30    
Sources: Bureau of Statistics, Family Income and Expendituyle Surue_V, 2000 and
2003, Appendix Table 4.
What is the problem here? In more concrete terms, what has
caused the apparent discrepancies between time-series and cross-sec-
tional observations? Let us dig into the problem, using a simple hypo-
thetical case of commodity x, in place of rice.
Small children aged under 5 generally eat much less food, say
70% less on average than teenagers who may eat as much as the
ordinary adults. If so, some sorts of age modification, by such as "adult
equivalence scales" as a common practice, should be undertaken to
determine the realistic estimates of income elasticity of demand for
specific food products. Such a consideration as this should be impera-
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Table 2. Hypothetical cases of commodity x consumption by 2 groups












AVerageillCOmeelasticity: Age1110dificationby "aduttequiValellCeSCales" 茶CﾓC梯イｳCイSﾓ#S梯イSｳ#S噸                 
Notes: Age modifications with an assumption of adult equivalence scales for a
child ullder 5 and teenager-0.3 and 1.0, respectively, resulting in modified
household consulllption: 20+6/0.3-40 for hotlSellOld A and 20+20/1.0-40 for
household B.
tive especially il一 the country like Japan where the seniority-based
wages prevail in the labor market. A simple illustration is presented in
Table 2 above.
In an actual setting, further caution should be recognized, i. C., if
average consumption within the adult population varies significantly by
age and cohort, either generational or geographical, then what proce-
dures should or could be taken?
In cross-sectional analyses, uslng micro-data, Various demo-
graphic dummies, such as family composition, region, education, and
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Source: USDA/ERS, Factors Ajfecting U. S. Beef Consump-
tion, October 2005, p. 19.
race are incorporated (Cox and Wohlgenant, 1986; Blaylock and Smalレ
wood, 1986; Blundel, Pashardes, and Weber, 1993; Perali and Chavas,
2000; Blisard, Variyam, and Cromartie, 2003).
Here is a very recent survey data showing per capita beef
consumption by gender and age in the United States (Table 3).
Consumption in the form of ground beef is the highest in the age group,
12-19, in both males and females and steak consumption is the highest
in the age group, 20-39, and it declines toward the higher age groups.
Will ground beef consumption tend to decline and steak consump-
tion increase as the total U. S. population ages in the next decades?
In most USDA projections since 1980S (Blaylock and Smallwood,
1986 to Blisard et al" 2003 and Lin et a1., 2003), it is implicitly assumed
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that if a person moves from one demographic group to another, she/he
will immediately take on the characteristics prevalent in the new group.
In other words, cohort effects are ignored in most of these studies. If
a man ages from his young-adulthood of 20-39 to the middle age of 40
-59, his consumption of ground beef, for example, is supposed to decline
from 47.4 1bs. to 32.1 1bs. in the above case of beef consumption in the
United States.
In any cross-sectional analysュs Which covers a short span of time,
it is almost impossible to detect cohort effects in one's consumption
behavior. To our knowledge, economists at the USDA have never
officially attempted to compare consumption by age across different
time-periods, say the late 1990S, the late 1980S, and the 1970S, maybe
because the available data are not complete in consistency and classifi-
cations.
In a developed economy or a long stagnated society like pre-war
Japan, human food consumption may change only gradually in accord-
ance with caloric need and the ability to digest, as one ages from
childhood to adulthood and elderliness. In developing economies,
however, today's young are not the same as their counterpart of
yesterday and won't be the same as today's elderly when they grow old
within the next few decades. The food consumption habits formed
when people come of age will be retained to some extent or another
throughout their lives. Cohort effects may be negligible with some food
products and in some societies, but it has been found that they play
significant roles in determining one's consumption of such staple foods
as rice and fish in Japan (Isibashi, 2004; Mori and Clason, 2004; Mori et
alリ2004).
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Cohort effects will be discussed in the latter half of this paper.
We would like to come back to the first topic, i. e" howto deal withthe
demographic factors in cross-sectional analysts, uSlng panel data. In
large cross-sectional analysis, it is customary to app一y demographic
dummy variables, such as household head is black; household owns the
house; number of persons, 13 to 18 years of age, etc. (Cox and Wohle-
genant, 1986; Dong et a1.,1998; Browning and Chiappori, 1998; Dong et
a1., 2004). In determining the relationship of income and individual food
demand, One of the crucial questions is how to take scale economies
into consideration, i.e., is a 5 person- household 20 % worse off than a
4 person-household with the same household income? ; more specifi-
cally, "what expenditure level would make a family with three chi一dren
as well off as it would be with two children and $ 12,000?"(Pollack and
Wales, 1981, p. 1533) In view of the fact that food is entirely "private
good", scale economies could be ignored from the analysis of individual
products (Deaton and Paxson, 1998, p. 899). In determining the effects
of household income onindividt.1al food consumption, however, econ-
omies of scale should come explicitly into the picture.
Instead of introducing a number of demographic dummy vari-
ables, we first classify households by the type of households such as a
married household in which househo一d head (HH) is in the 30s with 2
children aged under 10; a married household in which HH is in the 60s
with no dependent and the like. In doing so, we can circumvent the
problems of "equivalence scales" in individual food consumption as well
as scale economies in household incomes. We then regress household
consumption of individual food products, rice, fresh pork, fresh beef,
and fresh fruit on household illCOmeS (no need for transforming the
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data into per capita basis here, because we are dealing with the same
categories of household).
We have conducted these investigations for selected years from
the mid 1980s to 2001, using approximately 96,000 monthly panel data
(8,000 × 12) each year. We have come across numerous problems, which
include zero purchases and "outliers"inobservations. Many econo･
mists emphasize the importance of appropriate treatment of non-con-
suming households based on their belief that the household deliberately
chooses not to consume particular goods given its current budget and
the prices it faces (Dong et aL1998, p. 472; Perali and Chavas, 2000, p.
1022). In the case of rice in Japan, however, the vast majority of
households consume rice almost every day. Zero purchases by as many
as 45 % of the survey households in particular months may simply mean
that they have stocks from purchases done in the previous months.
Therefore, we do not so far see the need for"Amemiya-Tobin
approach" for the censored demand systems, for example (Dong et a1.,
2004; Yen et a1., 2003).
Outliers are most problematic in the case of rice and fresh fruit.
In some subset of data which averages 15kg of rice per household per
mollth, a purchase of 360 kg is reported. Intuitively this may represent
"outlier" which should be deleted from the analysis to avoid possible
biases. Then how about 40 or 50kgP Most analysts knowledgeable of
Japanese food consulTlption may agree that 90kg should represent
otltliers, though. 0111y tentatively, we have excluded the data which
exceed 3　times of mean values*　of all the observations in the each
subset classified by the household type (* excluding zero purchases in
the case of rice, because mean values may be still zero in some cases).
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Table 4. Cross-sectional regression estimates of income elasticities of aト
home consumption of rice, fresh pork, fresh beef, and fresh fruit,
1991 and 1999
Rice ｲBeef 波&W6'V唯     
(1991)      
Allhouseholds, 之ﾆ7F友妨2-0.09仁3.12) 貳ﾂッ20.24(15.57) "經鋳          
unclassified F｢"0.26 經0.91 蔦2        
HH30splus 之ﾆ7F友妨2-0.05仁0.78) 坪ﾓr0.15(2.66) bビ"               
2underaged10 F｢"-0.02 蔦B0.22 縱        
HH40splus 之ﾆ7F友妨2-0.17(-2.55) 茶"0.24(4.29) "コ縱r           
2teenagers F｢"0.23 b0.44 經        
HH50splus 之ﾆ7F友妨2-0.26仁3.49) 啌ﾓiﾓ縱20.20(2.31) Bｒ             
120S F｢"0,34 蔦"0.16 R         
HH60swith 之ﾆ7F友妨2-0.06(-1.10) 蔦Rふ貳ﾂ0.20(2.60) "モｒ           
nodependent F｢"0.01 0.32 繝R         
(1999)      
Allhouseholds, 之ﾆ7F友妨2-0.22(-6.02) ヲ經B0.14(7.78) 蔦ﾓ"              
unclassified F｢"0.59 縱0.70 R        
HH30splus 之ﾆ7F友妨20.08(0.68) "R0.30(4.37) 紊ビ緜            
2underaged10 F｢"-0.05 0.44 縱"         
HH40splus 之ﾆ7F友妨20.04(0.27) rr0.06(0.65) 握3ッ           
2teenagers F｢"-0.04 -0.03 經b         
HH50splus 之ﾆ7F友妨2-0.09(-1.33) Xｬ3cB-0.03仁0.19) B纉R          
120S F｢"0.03 蔦B-0.07 貳ﾂ        
HH60swith 之ﾆ7F友妨2-0.10仁1.76) 蔦yfﾓ縱0.15(2.99) 2ィb            
nodepeltdent F｢"0.08 r0.35 經         
Note: Figures in parentheses denote卜values.
Sources: Computations by Ishibashi, National Agricultural Research Center, Tsu-
kuba, Japan.
Following the traditional lead of Prais and Houthakker (1971),
we use the group average figures classified by anntlal household in-
comes in stead of individual household data. We have obtained differ-
ent estimates and statistical fits, depending on how to classify the data,
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i.e., by every half million yen (US $ 4,500) or one million yen, or every
1,000 households from the lowest to the highest income groups, for
example. In doing so, both top and bottom 5 % households in annual
income are excluded.
The results for 199l and 1999 are shown in Table 4. When all the
households of approximately 96,000 each year are analyzed on a simple
per capita basis without considerations to demographic factors such as
family size and household composition, rice is found to be income-
negative, pork and beef income-positive, and fresh fruit income-negative
or irresponsive. When the households are classified by household type,
rice is generally found income-negative, and beef income-positive, the
same as in the non-classified approaches. Pork, however, is found
income-neutral and most strikingly, fresh fruit definitely income-posi-
tive. These findings from the classified approaches better conform to
our intuition nourished from the daily observations.
Part II. Time-Series Approach:
In 1979, the Bureau of Statistics started to publish age-related
consumption data in its annual reports of Family Income and Expendi-
ture Survey. In the past two decades or so, per capita household
consumption of rice has beell consistently declining from 45 to 30kg,
that of fresh pork, excluding processed llleat, has only slightly declilled
from 5.4 to 5.0kg, that of fresh beef on the constant rise ulltil 1996 from
2.4 to 3.6kg, when the e-coli 0-157 was detected in fresh beef on the
market, and that of fresh fruit declining as fast as the case of rice from
45 to 31kg, as shown in Table 5.
Per capita real living expellditure (proxy for income) kept rising
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Table 6. Elasticities of demand forrice, fresh pork, fresh beef, and
fresh fruit : Simple per capita consumption as dependent vari-
able, using OLS double log form for the period of 1981 to 20011
parameterstandard estimateerror parameterstandard estimateerror  






(2)FreshPork illterCept 2纉Sc途(4)FreshFruit intercept 免ﾂ縱經唐       
livlngeXpenSeS2 蔦縱##3rHVlllgeXpe11SeS2 蔦sC          
ownprlCe2 0-157dummy4 蔦3CownprlCe2 蔦                    
adjustedR2 繝ツbadjustedR2 纉Sr     
D-W 緜2D-W       
Notes: (1)1980-2000 for pork and beef, since 2001 was an abnormal year due to
the illCidence of BSE in the beef production; (2) deflated by aggregate CPI; (3)
chill impact dummy for 1994 trough 2001; (4) 0-157 impact dummy for 1996
through 2000.
steadily during the 1980s until the "bubble" burst in 1991 from 0.96 to 1.
16million in 2000 constant yel一 Which has been followed by the decade
long recession. Real price of rice was stable for a decade and half until
1994 when the domestic rice production was hit by the devastatingly
chilly summer, and its price has been falling steadily since then. Real
prlCe Of pork kept falling during the 1980s from 197 to 135 yen per 0.1
kg and has been leveled off in the 1990S. That of beef has been on the
constant decrease until the mid 1990s from 410 to 270yen per 0.1kg and
has leveled off since then. Real price Of fresh fruit has been fluctuating
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moderately with a slight (10 %) increasing trend, as is shown in
Table5.
When all these economic factors taken into consideration in the
traditional approach of time-series regression analysis, the estimates
of income and prlCe elasticities of demand for these four products are
determined as shown in Table 6.
Elasticities of demand with respect to living expenditure (as
proxy for income) for rice are estimated aレl.4, that for pork, beef and
fresh fruit, respectively at -0.7, 1.1 and -1.1,with significantトvalues
for all products. Setting aside the absolute magnitude of elasticities,
the estimates for rice, negative, and that for beef, positive, may be
acceptable, when compared to the results of cross-sectional analysis in
the previous section (Table 4, in particular). The negative estimate for
pork, as highas -0.7 is questionable, and what's more, a negative 1.i
elasticity for fresh fruit is highly questionable, however. Intuitively, the
premise that a 10 % increase in income will lead to a ll % decrease in
fruit consumption, ceteris paribus, can not be accepted. Across the
countries, fresh fruit is generally deemed to be "normal good" (Seal et
a1., 2003).
In what follows, We will examine the changes in fresh fruit
consumption in Japan from the demographic perspectives.
Table 7 shows changes in household consumption of fresh fruit
by the age groups of household head (HH) for the past 20 years since
1980. The average household consumption gradually declined from
159.Okg in 1980 to 120.5kg in 1990 and thento 102.7kgin 2000. Twenty
years ago, households headed by those in the 20s and the early 30s
consumed approximately 20 to 30 % less fruit than households headed
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Table 7. Household consumption of fresh fruit by age groups of household
head (HH), 1980, 1985, 1990, 1995, and 2000
(kg/year)
HHage 塔1985 涛1995            
AVerage S偵135.1 #絣108.4 "縒         
～24 都"51.8 "紕54.1 b縒      
25-29 "縒74.6 鼎b39.1 "綯       
30-34 3R綯99.4 都纈52.7 鼎"繧     
35-39 cB綯127.5 涛ゅ71.3 田      
40-44 s142.6 偵93.2 都偵         
45-49 s"繧152.7 3R112.0 涛"       
50-54 sB綯145.8 #偵121.9 繧        
55-59 cゅb148.7 3偵2128.1 #縒       
60-.64 cR繧149.5 C133.5 3綯         
65- c140.5 C137.6 3ゅ           
Sources: Family Income and Ehenditure Survey, various issues.
by those in the 50s and 60S. In 2000, the young households of HH 20s
alld the early 30s consumed as much as 70 % less fresh fruit than the
older households. The households of HH 20s and 30s have decreased
fresh fruit consumption much faster than the older households headed
by the 50s and 60S. This is what the Japanese government's 1994 White
Paper on Agriculture described as "wakamono no kudamono-banara"
(leaving off fresh fruit by the young).
Clearly, the pattern of consumption by age, "age-consumption
profile" is not fixed over time. One thing should be kept in mind in
comprehending this table. Those in their late 20s in 1980 have aged to
their late 30s in 1990 alld their late 40s in 2000, for example. Reading
Table 7 diagonally, Japanese consumers of fresh fruit seem to carry the
eating habits formed during their youth into their lives in later years.
This is called "cohort effects" in human behavior. The question to be
addressed here is to what degree?
30
The household heads in their early 30s in 1980 have aged to their
late 40s in 1995. They were born il一 the late 1940s and may have shared
the similar experience as they came of age, and thus they belong to the
same generational cohort. If the household survey does not trace the
same subjects over time, those household heads in the age group, 25-29
in 1980, those in 35-39 in 1990 and those il一 45-49 in 2000, respectively,
for example, can be regarded as the same (generational) cohort.
But their household consumption does not represent their con-
sulllptlOn alone, containing the consumption by their dependents who
live with them. Typically, there were two infants in 1980, two teen-
agers in 1990 and one or two young adults in 2000, if they still lived with
parents. Individual consumption by these dependents should have
changed substantially, quite likely much more so than their parents
over time as they grew up. Therefore, the simple per capita figures
derived from dividing household consumption by the number of persons
in the respective households do not represent the individual consump-
tion by age for these cohorts.
Mori and lnaba (1997) designed a unique method of deriving per
capita consumption by individual household members from household
data classified by HH age groups, which is not explained in full in this
paper (refer to the Master thesis by M. Lewis, 1997 0r paper by M. Lewis,
H. Mori, and Wm. D. Gorman, 1997). Very simply, it is a mechanical
process shown below:
Suppose we have 2 Observations, 025 and Q50, compiled from a
sufficient number of panel data, relatillg tO household consumption by
age of household head (HH), 25 and 50 years of age, respectively.
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Family composition by age groups of household head， 1991 
(persons/household) 
HH age groups of household member ~:;;I age 0-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75- (kg/yr) 
-24 0.390 0.007 0.079 1.623 0.200 0.011 0.000 0.009 0.037 0.055 0.026 0.011 0.022 0.000 0.007 28.82 I 
25-29 0.690 0.007 0.003 0.151 1.705 0.105 0.008 0.001 0.003 0.021 0.050 0.036 0.009 0.005 0.002 48.23 
30-34 1.245 0.051 0.004 0.023 0.373 1.509 0.058 0.006 0.003 0.010 0.046 0.065 0.030 .11 0.011 64.30 
35-39 1.293 0.476 0.068 0.007 0.069 0.369 1.455 0.049 0.007 0.001 0.018 0.073 0.069 0.042 0.028 91. 97 
40-44 0.668 0.895 0.412 0.024 0.010 0.074 0.426 1.400 0.032 0.003 0.002 0.031 0.071 0.075 0.072 110.34 
45-49 0.146 0.497 0.867 0.236 0.015 0.009 0.086 0.444 1.357 0.033 0.005 0.008 0.031 0.087 0.119 126.72 
50-54 0.044 0.117 0.503 0.536 0.154 0.012 0.008 .74 0.474 1.345 0.036 0.005 0.011 0.042 0.154 128.50 
55-59 0.070 0.023 0.120 0.342 0.346 0.101 0.017 0.011 0.095 0.454 1.339 0.036 0.006 0.009 0.146 130.60 
60-64 0.123 0.031 0.034 0.092 0.218 0.197 0.080 0.017 0.011 0.110 0.471 1.318 0.031 0.006 0.104 136.31 
65- 0.114 0.072 0.049 0.026 0.040 0.103 0.125 0.094 0.047 0.031 0.090 0.332 0.784 0.412 0.338 132.81 
Table 8. 
Source: Courtesy of one of the authors. 
'コ^ ト A
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where Xi denotes average individual consumption by person， i years of 
age. 
If we can assume that infants， age zero， do not consume this 
product， then， X2S is automatically determined at 1. 0， and Xso at 3.5 ((8 
-1) /2). 
In the reality， the calculation is not this simple， because the 
family composition matrices by HH age groups are very complex as is 
shown in Table 8. Those who are interested in the procedures are 
advised to refer to Lewis et al. 's paper above mentioned as a beginner's 
guide and Tanaka et al. (2004) for the less biased and the more sophisti開
cated estimators. 
When the table containing per capita individual consumption by 
age groups for respective years over a certain period of time， cohort 
table (Table 9) is available， we can decompose changes in consumption 
by age into the effects of age (i n a narrow sense)， generational cohort， 
and “pure" time， by means of cohort analysis. In this study， we use 
N akamura's Bayesian cohort model (N akamura， 1986) based on intui-
tively reasonable assumption of“zenshinteki henka" (gradual changes 
between successive parameters， i. e.， age groups 40-44 and 45-49 may 
not abruptly differ in behavior; those born in the late 1960s should not 
be drastically different from those born in the early 1970s， for exam-
ple). 
Table 10 shows our estimates of age， time (annual)， and cohort 
effects of changes in household consumption of fresh fruit from 1981 to 
2001. Time effects in the second column of the table are presumed to 
represent the effects to be attributed to the time element in the respec-
tive years which may include the effects of prevailing income and price 
担 当 日 印
E H M m z n 0 5 0 E S












の 片 山 〈 。
Estimates of individual at-home consmnption of fresh fruit by age， 1979-2001， kg/year 
year ---9 10....14 15---19 20---24 25'"'-'29 30---34 35'"'-'39 40'"'-'4 45---49 50'"'-'54 5'"'-'59 60'"'-'64 65'"'-'69 70'"'-'74 75'"'-' 
1979 34.73 35.34 36.67 37.61 41. 43 45.08 46.1 52.09 58.24 61. 61 62.20 65.03 64.33 61. 06 56.08 
1980 30.16 30.76 32.12 33.33 34.37 41. 41 47.01 49.36 54.06 58.72 59.13 59.00 57.59 54.4. 50.01 
1981 27.77 29.53 31.31 32.29 34.10 36.42 40.02 44.71 49.61 52.45 54.09 57.4 9 56.94 54.09 49.69 
1982 26.90 28.87 29.40 29.03 33.03 36.75 42.43 47.96 52.02 54.18 58.88 58.80 55.57 51.65 47.17 
1983 25.75 27.17 27.47 28.40 32.21 36.99 44.04 50.22 53.21 58.31 63.43 63.58 61. 04 57.13 52.31 
1984 23.64 24.57 24.76 24.98 31. 49 36.01 38.65 48.4 1 59.83 53.32 59.68 62.35 61. 34 57.99 53.12 
1985 19.43 21. 02 22.43 23.49 26.94 32.24 38.00 45.11 50.03 53.71 58.62 61. 21 60.90 57.99 53.35 
1986 19.59 20.98 21. 59 22.99 26.65 32.21 36.69 46.14 48.61 53.44 59.30 61圃87 61.13 57.96 53.22 
1987 17.53 19.31 19.73 20.49 25.87 31. 30 42.16 48.4 1 51. 58 55.28 63.85 63.55 63.56 60.72 55.93 
1988 17.53 19.64 20.64 21.40 22.33 27.54 36.97 48.91 50.67 52.68 61. 20 64.56 64.95 62.04 57.00 
1989 13.85 15.86 17.60 18.18 22.15 28.72 35.39 44.08 49.37 51.67 55.74 58.16 60.10 58.24 53.91 
1990 10.61 13.16 14.96 15.39 18.28 25.72 35.08 42.78 48.73 51.12 57.17 61. 59 62.81 60.50 55.85 
1991 8.18 11. 06 13.78 15.4 6 18.53 23.47 33.84 40.90 48.00 51.51 55.73 59.61 60.56 58.24 53.76 
1992 8.43 10.71 12.65 14.33 17.49 23.48 31. 74 41. 98 46.68 52.21 55.34 59.40 61. 04 58.96 54.55 
1993 8.4 9 10.57 12.44 13.95 17.43 22.78 32.00 39.15 44.84 48.82 54.81 59.98 63.05 61. 43 56.93 
1994 5.68 8.18 11.20 14.17 17.59 23.89 29.30 37.58 44.69 52.81 57.85 62.67 67.05 65.89 61. 39 
1995 6.32 8.56 11.24 13.97 16.4 8 20.83 26.01 34.10 43.01 48.26 53.89 58.4 1 62.21 60.95 56.65 
1996 5.80 8.00 10.62 13.51 16.09 19.94 25.46 32.52 39.12 47.12 54.49 56.99 60.85 59.84 55.73 
1997 4.24 6.38 8.71 11. 31 14. 8 19.13 27.62 33.88 39.95 49.87 55.33 58.63 62.87 61. 92 57.69 
1998 2.70 4.72 6.79 9.24 13.85 18.29 25.85 32.42 38.38 48.88 54.36 59.25 61.66 59.89 55.52 
1999 3.22 5.03 6.82 9.15 13.65 18.96 24.68 32.24 37.43 44.49 51. 44 60.16 63.81 62.48 58.00 
2000 3.75 5.10 6.4 6 8.81 13.12 17.76 24.35 30.84 35.54 46.46 53.10 59.33 64.83 64.27 59.90 





Table 10. Changes in individual per capita consump" 
tion of fresh fruit from 1981 to 2001， 
decomposed into age， time and cohort 
effects1 
Grand mean effects=39. 784 (kg/year) 
Age Effects: Ai Time Effects: P t Cohort Effects: C" 
Age Calendar Years 
group(yrs.) Year born 
1979 ーー___2 -1906 8.499 
20-24 -2.579 1980 ーーーー_2 1907-11 11. 352 
25-29 -4.537 1981 -2.274 1912-16 13.799 
30-34 -5.251 1982 -1. 414 1917-21 15.992 
35-39 -4.456 1983 1.690 1922-26 16.958 
40-44 -2.578 1984 0.959 1927-31 17.362 
45-49 -1. 792 1985 -0.761 1932-36 15.228 
50-54 -0.601 1986 -0.4 93 1937-41 13.096 
55-59 2.772 1987 1.846 1942-46 10.294 
60-64 5.053 1988 1.333 1947-51 4.343 
65-69 6.407 1989 -0.986 1952-56 -1.842 
70-74 5.078 1990 -0.568 1957-61 一7.782
75- 2.485 1991 -1. 316 1962-66 -14.4 14 
1992 -0.897 1967-71 -19.505 
1993 -0.420 1972-76 -23.954 
1994 1.786 1977-81 -29.713 
1995 -0.857 




2000 1. 418 
2001 1. 591 
N otes: (1) priors assigned to age， time and cohort effects in 
the estimation are: 1， 1 and 1， respectively; (2) the years 
1979 and 1980 are excluded from cohort calculation. 
".ζ-' .，-.' 
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Table 11. Elasticities of demand for rice， fresh pork， fresh beef， and fresh 
fruit: 
(A) simple per capita consumption as dependent variable 
(replica of Table 6) and 
(B) period effects plus grand mean derived from cohort analy~ 
sis as dependent variable， estimated using OLS double log 
form for the period of 1981 to 20011 
(A) dependent variableニ (B) dependent variable = 
simple per capita consumption period effects+ grand mean 
(1) Rice parameter standard error parameter standard error 
estimate estimate 
intercept 13.336 0.569 11.843 0.595 
living expenses2 -1. 403 0.066 -1. 134 0.073 
own price2 0.017 0.053 -0.025 0.049 
chil dummy3 -0.083 0.013 -0.069 0.013 
adjusted R2 0.9846 0.9726 
D-W 1. 51 1. 61 
(2) Fresh pork 
intercept 13.956 1.397 11.419 2.156 
living expenses2 -0.722 0.137 -0.981 0.212 
own price2 -0.080 0.090 -0.139 0.139 
0-157 dummy4 0.034 0.009 0.050 0.014 
adjusted R2 0.8866 0.8416 
D-W 1. 63 0.96 
(3) Fresh beef 
intercept 2.745 1. 017 -1. 132 0.920 
living expenses2 1. 081 0.102 0.993 0.092 
own price2 -0.395 0.059 -0.4 08 0.054 
0-157 dummy4 -0.107 0.013 -0.102 0.012 
adjusted R2 0.9795 0.9820 
D-W 1. 94 1. 41 
(4) Fresh fruit 
intercept 11.780 0.598 3.046 0.521 
living expenses2 -1. 074 0.119 0.277 0.103 
own price2 -0.191 0.118 -0.349 0.103 
adjusted R2 0.9157 0.3245 
D-W 1. 20 2.01 
N otes: (1) 1980-2000 for pork and beef; (2) deflated by aggregate CPI; (3) chil 
impact dummy for 1994 through 2001; (4) 0-157 impact dummy for 1996 through 
2000. 
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Conditions, and the special events such as the incidence of e-coli 0-157
in the case of beef and some vegetables in Japan, for example.
In stead of traclng Changes in simple per capita consumption
which are confounded with changes due to the demographic factors
other than pure economic factors, we will regress "pure" time effects
derived from our cohort analysts against changes in income and own
price over the period from 1980 to 2001. Table ll shows our estimates
of "age-free income and price elasticities" of demand for fresh fruit and
other products, rice, fresh pork, and fresh beef.
Compared to non-age compensated approach as is shown in
Table 6, We have now obtained positive expenditure (proxy for income)
elasticity of 0.28 for fresh fruit, with卜values close to 3, and own-price
elasticity of -0.35, also with t-value larger than 3.
The drastic decline in per capita consumption of fresh fruit in the
past 2 to 3 decades should have been caused mostly by the demographic
factors, i.e., the replacement of fruit eating older cohorts by the newer
cohorts who seem to have much less aptitude for fresh fruit, for
unknown reasons. People, including seemingly knowledgeable market
and nutrition experts, are quoted to remark, "today's young do not like
to soil their hands, peeling skins off," Or they do not know how to use
knife to peel the skin (Asahi, October 23, 2004). They may be totally
mistaken, because mandarin oranges, known as "TV-oranges" (easy to
peel while watchillg TV) has declined the most in consumption and
JapalleSe apples which are generally quite big in size, not good for
eating out of hands without cutting, have kept nearly constant in
consumption, on the colltrary: per Capita consumption of mandarin
oranges fell from 16.37 kg il一 1979 to 6.35 kg in 2001 whereas that of
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apples fel only slightly from 4.41 to 4.35 kg during the same period. 
Part II. ConcIusion: 
If human food consumption is related to one's age to a non-
negligible extent， there is no question that the age factor needs to be 
considered in cross-sectional analysis of food consumption from micro 
data in some way or another.“(Adult) equivalence scales" could be a 
useful apparatus for this end， when dealing with aggregate food con-
sumption. In view of the fact， however， that equivalence scales should 
vary greatly from product to product， they are not of practical use， 
when analyzing individual products such as rice， meat， and fresh fruit. 
If the exact age-consumption profiles by products (commodity specific 
equivalence scales: Pollak and Wales， 1981) are determined by nutrition 
surveys and the like， the profiles themselves do not stay fixed over 
certain periods of time (Tables 7 and 9). 
In determining the effect of income on consumption of foods， 
which are “entirely private goodsヘhouseholdincome needs to be 
modified by the consideration of “scale economies" (Deaton and Pax-
son， 1998). This is a task far beyond our ability. 
Traditional1y， the dummy variables such as "number of persons， 
one to twelve years of age"， and “number of persons， nineteen to sixty 
-four years of age" are applied to cross-sectional regression analysis of 
household panel data (Dong， eta1.， 1998). Using as many as 40 to 50 
dummy variables， however， inanalyzing consumer demand patterns of 
food， a1cohol， fuel， clothing， transport， and services from micro data 
(Blundell et a1.， 1993) may be out of question， very likely blurring the 
whole picture. 
38
In this study, We classified household data by household types
which involve the age of household head and family size and age
composition, such as a couple plus two teenagers and the like, to
circumvent the problems of age of household members and economies
of scale. We ran the analysis, regressing household consumption of
various food items against household incomes by each household type,
to derive "age and scale economy-free" income elasticities.
We obtained intuitively plausible, positive signs for income
elasticities for fresh fruit. Fresh pork was found income-neutral,
instead of definitely positive income elasticites derived from non-age
compensated approach.
Theoretically as well as emplrlCally, income elasticities should
vary along the income scales of household, usually taperlng Off toward
the higher end (E. Engel, 1885; Prais and Houthakker, 1971; Saegusa,
1980; Fodder and Trall-Nam, 1994). What we have so far obtained is
plausible slgnS Of elasticities, not their exact magnitude. We have
approximately 96,000 panel data of differing annual household incomes.
Consumption data is monthly. Except for bread, fluid milk, and the like
which are commonly purchased on regular basis every week, even those
households which consume in year total much lager quantities of
certain products, say rice, or apples than the average, may purchase
much smaller amounts, or even zero purchase, in some months.
Depending on how to aggregate individuai household data, We often
obtain the irregular results which can not be supported by the theory.
As already mentioned in the foregoing text, We have to learn the more
practical ways of how to aggregate the data, including the treatment of
"outliers". For some products which may not include rice, zero-PUT-
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chases could deserve our next considerations. 
In the latter half of the paper， we first derived individual per 
capita consumption of fresh fruit by age from the household data 
classified by the age groups of household head from 1979 to 2001. These 
data were then separated into age， generational cohort and time effects， 
using N akamura's Bayesian cohort model. The age-factor compensat-
ed“pure" time effects in the changes of household consumption of fresh 
fruit for the past two decades were then regressed against income and 
prices over the same period. We obtained statistically significant 
income elasticity of + 0.28， instead of -1.1 obtained from the ordinary， 
non-age compensated time-series analysis. This resu1t not only better 
appeals to our intuition but also conforms to the estimates from the age 
factor-controlled cross-sectional analysis in the first half of this paper. 
End Notes: 
(1) Expenses in J apanese yen were converted at the exchange rate of $1. 0 =
110 yen， which prevailed in the latter half of 1990s. The actual rice paddy 
field conversion programs have been so complex that it may be almost 
impossible to identify al the expenses incurred. 
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APPENDIX 








析がある o 米国の農業経済学会誌に “cohort" という言葉が出たのはヲ



























































に近いが, "adult equivalence scales"であった(Lewbel, 1985)｡同上
Woldは早くも1953年に, Cap. 14-5のHthe age scale of consumption"
のなかで,たとえば男子の0-3, 416, ･･･, 17-18歳の"consumer units"
は, 19歳以上を1.0とすると,それぞれ0.1, 0.2, -･, 0.9であるとし
て,家族月数を"consumer units"に換算して各品目の所得弾力性を計測
〔62〕                               〔49〕
している｡この考えはその後Prais& Houthakkerに引き継がれ(註3),






Pollack and Wales (1981)の言葉を借りると, ｢子供が3人の家族を子
供が2人で12,000ドルの家族と経済厚生を同じにするにはどれだけの支
46
〔47〕                                                〔40〕





























方程式に取り入れるかである｡ Denton et al. (1999)のように,論文の
タイトルおよび,本文の出だしと結論部分で"cohort"を詣った分析も,
年齢区分は17歳以下, 18-56歳と57歳以上で,論文のはじめに触れられ
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ているベイビーブームとベイピーバストの世代交代の効果などは捉えられ
ようが無い。





















世界の経済学誌を代表する Amerz' caEcoηomz' c Revz' ew誌にも，少なくと
も1990年以降， “cohort"を付した論文を見つけることはできなかった。






























































均が10kgに対し， 360kgとか 120kgの場合には， r外れ値」としてデー
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を用いて, "censored demand system"を計測するのが流行のように見え
る｡ Dong et al. (1998)は, ｢非消費世帯の適切な処理は憤重な分析を必
〔16〕

































































































の理論的枠組み("a priory information from consumer theory", Perali and
〔46〕
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